Our principal aim is to compare global star formation rates between cluster galaxies and field galaxies in order to clarify environmental influence on star formation. We use an objective prism technique to survey over 200 Zwicky catalogue (CGCG) galaxies within ϳ2Њ : 5 of Abell 1367 for Ha emission. After a brief discussion of the survey characteristics, we consider first the dependence of Ha detection on Hubble type, galaxy disturbance and the presence of a bar. As expected, we rarely detect early-type galaxies and consequently restrict further discussion to spirals (type S0/a and later), of which we detect ϳ35 per cent in Ha. We find that an extremely valuable distinction to make is between galaxies with diffuse Ha and galaxies with compact Ha. There is a very significant tendency for galaxies with compact Ha emission to be disturbed, and there may be a weak tendency for them to be barred. Neither of these tendencies is found for galaxies with diffuse Ha emission. We infer that compact emission results from tidally induced star formation, while diffuse emission results from more normal disc star formation.
INTRODUCTION
Compared to nearby clusters of galaxies, distant rich clusters (z Ն 0:4) are found to have a higher fraction of blue, star-forming galaxies, often with unusual morphology suggestive of mergers and at earlier epochs, it is clearly of great interest to search for instances of this process at the current epoch. If the environmental effects on spirals in nearby rich clusters can be understood, this may significantly help to understand processes of spiral depletion in rich environments of the more distant past.
In the study of environmental effects on spirals, Abell 1367 is of particular interest. It is a rather unusual example of a rich cluster with a comparatively high fraction of spiral galaxies (Oemler 1974) . In particular, near the cluster centre (r Յ 0:5 r A , see Section 4.1), there is the opportunity to study the effect of a dense environment on a significant number of spiral galaxies. Moreover, Oemler, Dressler & Butcher (1997) have suggested that this cluster may be more typical of the type of cluster at earlier epochs than spiralpoor clusters such as the Coma cluster. For example, in an Q ¼ 1 universe, the hierarchical clustering model predicts that in general clusters at earlier epochs are assembled from many small groups, whereas present-day clusters are assembled from a few massive sub-clusters (Kauffmann 1995) . The spiral depletion processes might be expected to have already operated within the massive sub-clusters, giving rise to the spiral-poor clusters of the present day. By contrast, Oemler et al. suggest that Abell 1367 may have been recently assembled from many small groups, thus forming with a significant spiral content and in a manner more typical of cluster formation at earlier epochs.
In this paper (Paper III) we extend earlier studies of Abell 1367 (Moss, Whittle & Irwin 1988, Paper I; Moss & Whittle 1993, Paper II) . In Paper I we gave a detailed description of the objective prism technique for the detection and measurement of global Ha emission in cluster galaxies, pointing out its advantages in the study of environmental modification of star formation, and presented data on two clusters, Abell 347 and Abell 1367. In Paper II we made an initial comparison of star formation between cluster and field spirals, using photoelectric Ha data on Revised Shapley-Ames catalogue (RSA; Sandage & Tammann 1981) field spirals taken from Kennicutt & Kent (1983) . This comparison had two important limitations. First, the methods used to detect Ha are quite different for cluster and field samples, and although these methods were shown to be approximately equivalent, there is still the possibility of systematic differences influencing the cluster/field comparison. Secondly, the significant difference in angular sizes of the CGCG (Zwicky & Herzog 1963) cluster galaxies and the RSA field galaxies raises the possibility of systematic differences in morphological typing, which may again influence the cluster/field comparison. Both of these limitations are overcome in the present study. Using additional plate material, we survey a sufficiently large area to construct our own field sample. In this case, the cluster and field samples have Ha emission and morphological types determined in an identical manner, allowing a more reliable comparison between cluster and field spirals.
Although the original survey method described in Paper I was developed using the 10Њ prism, this prism became unavailable and to continue the survey we were forced to use a lower dispersion 2Њþ 4Њ prism. Of the eight clusters surveyed, we observed two using the high dispersion prism, five using the lower dispersion prism, and only one, Abell 1367, using both. An important aim of the present study, therefore, is to use the data on Abell 1367 to show that our original survey methods can be extended to plates taken with the lower dispersion prism. This is important for forthcoming work on all eight clusters (Moss & Whittle, in preparation) , in which we examine systematic trends in star formation as a function of cluster type.
Comparisons of star formation in cluster and field spirals using a variety of techniques have in the past produced varying conclusions, from claims of lessened star formation for cluster spirals to enhanced star formation. Most recent work supports either similar star formation (e.g. Biviano et al. 1997; Donas et al. 1990) or enhanced star formation (e.g. Moss & Whittle 1993; Gavazzi & Contursi 1994) in cluster spirals relative to the field, although earlier surveys using slit spectroscopy claimed reduced emission for cluster galaxies (e.g. Osterbrock 1960; Gisler 1978; Dressler, Thompson & Schectman 1985; Hill & Oegerle 1993) . Biviano et al. have suggested that these surveys overestimated the fraction of emission-line galaxies (ELGs) in the field as a result of an unrecognized bias, whereby the apparent ELG fraction increases towards fainter magnitudes. This bias affects the field more than the cluster samples. In the present study, we wish to further investigate possible enhancement of star formation in cluster spirals, and its relation to the processes of spiral depletion in clusters.
In Section 2 we discuss the observational technique and present identifications of ELGs. This section also contains a comparison of the survey method using the intermediate dispersion 2Њþ 4Њ prism combination and the 10Њ prism. In Section 3 the detected emission is related to galaxy morphology, which leads to Section 4 in which the specific effect of cluster environment on emission in cluster spirals is considered. We find evidence for enhancement of emission in cluster spirals and consider possible mechanisms for the triggering of star formation. Conclusions are given in Section 5. Table 1 gives basic information on the plates used for the present study. Four objective prism plates (A,B,C,D in Table 1 ) were taken with the 61/94-cm Burrell Schmidt telescope at Kitt Peak. These comprise two somewhat different plate pairs.The first pair (A and B) were taken using the intermediate dispersion 2Њþ 4Њ prism combination, giving ϳ780 Å mm ¹1 at Ha. The second pair (C and D) were taken using the high dispersion 10Њ prism, giving ϳ400 Å mm ¹1 at Ha. Each plate pair includes exposures with the telescope east and west of the pier. This reverses the dispersion direction and, from the relative location of the Ha emission, allows a reasonably accurate measurement of the galaxy velocity (see 206 C. Moss, M. Whittle and J. E. Pesce ᭧ 1998 RAS, MNRAS 300, 205-220 Paper I and Section 2.5.3, below). All four plates were taken with unwidened spectra in conditions of good seeing and transparency, and are consequently of excellent quality. Finally, Plate E is a direct IIIaJþWR2C (blue) plate of 60-min exposure taken by C.D. Mackay using the 1.2-m Palomar Schmidt telescope. This excellent plate allows good morphological typing of the cluster galaxies.
OBSERVATIONS

Plate material
Galaxies surveyed for Ha emission
We surveyed for Ha emission all CGCG galaxies within the fields of the objective prism plates. Restriction to CGCG galaxies has several advantages. First, Ha detection efficiency is approximately uniform down to the limit of the CGCG catalogue (m p ϳ 15:7) but drops rapidly below this limit (see Section 2.6.2, below). Secondly, it becomes increasingly difficult to assign reliable morphological types to galaxies fainter than the CGCG limit. Thirdly, the CGCG catalogue is itself thought to be complete to m p ϳ 15:5, and we assume that galaxies in the range 15:5 < m p Յ 15:7 constitute an unbiased extension below completeness. We also note that our detection efficiency will not be affected by redshift, since the highest galaxy velocities known for Abell 1367 (ϳ 9000 km s ¹1 , Struble & Rood 1987 ) are well below the redshift limit of ϳ 12 000 km s ¹1 set by the IIIaF emulsion cut-off (Kinman 1984 ). Fig. 1 shows a schematic outline of the prism plate boundaries, each of diameter ϳ5Њ (A and B are square, C and D are round), together with the distribution of CGCG galaxies. All CGCG galaxies are covered by one or both plate pairs out to a radial distance from the cluster centre of approximately 1.9 r A , where r A is the Abell radius (80 arcmin Abell 1958) . Between 1.9-2.5 r A , 26 per cent of CGCG galaxies are covered by at least one plate pair.
Galaxy types
Because global Ha emission depends on Hubble type (e.g. Kennicutt & Kent 1983) , it is important to obtain accurate Hubble types in order to identify other factors which may correlate with Ha emission. The problems associated with classification of galaxies of small angular size have frequently been discussed. At a mean redshift of ϳ 6000 km s ¹1 , most CGCG galaxies have sizes in the range 0.5-2.0 arcmin. Nevertheless, plate E was sufficiently good to provide reasonably reliable types for most of the galaxies.
Morphological types, classified on the revised Hubble system described by de Vaucouleurs (1959 de Vaucouleurs ( , 1974 , were estimated by one of us (MW) for the majority of CGCG galaxies in the overlap region of plates C and D. Two independent classifications yielded a mean type and showed good internal consistency with typical uncertainty of Ϯ1 in the T class. A comparison with types estimated by Tifft (1978) , who used 4-m prime focus negatives of the cluster core, shows no systematic difference in T class and rms difference of ϳ0:8 (increasing to 3.6 if uncertain types are included). Finally, a comparison with Uppsala General Catalogue (UGC) types (Nilson 1973) gives a similar level of agreement (although these constitute a subsample of larger galaxies). Although disc structure is lost in poorer plate material at smaller plate scales, the apparently large number of S0 galaxies found in the centre of the cluster is probably not a result of this loss of resolution -many fainter and smaller spiral galaxies are clearly visible on the plate, although these were not included in the CGCG sample.
For the remaining galaxies in the sample (mainly those outside the overlap region of plates C and D), types were independently estimated by CM and JEP using plate E or, for the few galaxies lying outside this plate, the Palomar Sky Survey O prints. The average of these two estimates was adopted as the revised Hubble type.
In addition to the type classification, a note was also made if the galaxy looked 'disturbed' in some way, including the presence of a warp or distorted spiral structure, extended plumes, or more severe signs of disturbance. Depending on the level of disturbance, a label of D, D:, or D:: was assigned, ranging from clearly disturbed to only slightly disturbed. Galaxies were also inspected for the presence of a possible nearby companion. This included galaxies closer than ϳ5 times the diameter of the sample galaxy, and larger than ϳ20 per cent of its size. Depending on the proximity and size of the companion, a label of C, C: or C:: is assigned.
Emission-line galaxy identifications
Galaxy spectra were viewed through a binocular microscope at low power (ϳ12×) to identify emission-line galaxies (see Paper I for examples of such spectra). In order to eliminate spurious identifications, galaxies were not recorded as having emission unless it was visible on both plates of either plate pair. Outside the overlap region of a plate pair, a galaxy is recorded as having emission only when the Ha emission is so strong as to render any misidentification unlikely (these six galaxies are CGCG 126. 074, 126.075, 126.091, 127.025A, 127.025B and 97.182) . However, because such galaxies do not constitute an unbiased sample (they have stronger emission on average), they have not been included in the subsequent analysis of emission-line galaxy properties. Table 2 gives morphological and emission-line information for all CGCG galaxies within the boundaries of the four prism plates. The table notes give a detailed description of the table contents. Briefly, columns 1-5 give the CGCG name, RA, Dec., radial distance, and photographic magnitude. give the revised Hubble type and note of disturbed appearance and possible nearby companion. Columns 9 and 10 give heliocentric redshift and reference. Column 11 gives the plates on which the galaxy is found. Columns 12 and 13 describe the appearance of the Ha emission, if seen. Column 12 gives a visibility parameter which describes how readily the Ha is seen on the plate on a five-point scale (S -strong; MS -medium-strong; M -medium; MW -medium-weak; and W -weak). Column 13 gives a concentration parameter which describes the spatial distribution of the emission and its contrast with the underlying continuum, also on a five-point scale (VCvery concentrated; C -concentrated; N -normal; D -diffuse; and VD -very diffuse). The more concentrated emission is much brighter than the underlying continuum, is sharply delineated from it, and is almost always centred on the nucleus in a small region (median diameter 3.9 kpc). The more diffuse emission is only slightly brighter than the continuum, has an indistinct appearance, and spans a larger region (median diameter 10.3 kpc). Independent determinations of the visibility and concentration parameters by different observers are in found to be in good agreement. Values given in Table 2 are the averages from all plates on which the emission is seen. Finally, column 14 indicates that a note on this galaxy appears below the Table.
Comparison of 10Њ prism and 2Њþ 4Њ prism combination
Although our original survey method was developed using the 10Њ prism (and indeed plates C and D were part of that study), we were forced to use the 2Њþ 4Њ prism combination for much of our cluster survey when the 10Њ prism became unavailable. One of the main aims of this paper, therefore, is to show that our original methods can be extended to plates taken with the lower dispersion prism.
Ha detection efficiency
We use the 132 CGCG galaxies with visible spectra on all four plates to test the relative Ha detection efficiency using the 10Њ (high disperson) and 2Њþ 4Њ (intermediate dispersion) prisms. Of these 132 galaxies, the numbers detected on just high dispersion, just intermediate dispersion, and both high and intermediate dispersion plate pairs are 2, 4, and 21 respectively. It seems, therefore, that the detection limit does not depend strongly on our choice of prism dispersion. Other factors such as emulsion sensitivity, exposure time, sky transparency and particularly seeing are likely to affect the detection efficiency at least as much as prism choice.
Ha emission morphology
A comparison of emission morphology class (VC, C, N, D, VD) for the intermediate and high dispersion plates shows quite good agreement. For the 21 galaxies detected on both sets of plates, there is only a slight tendency for galaxies to be classified as more diffuse on the high dispersion plates, with mean difference ¼ 0:7 Ϯ 0:2 classes. The final concentration parameter given in Table 2 was therefore taken to be the mean of the separate determinations.
Redshift measurements
In Paper I, a method was described for determining redshifts from two prism plates taken with the dispersion in opposite directions. Using this method on 10Њ prism data yielded a number of new redshifts and an error estimate of 200 km s ¹1 (1j). Applying this method to 35 galaxies with known redshifts on the 2Њþ 4Њ prism plates yields an error estimate of 270 km s ¹1 (1j). Although this is less accurate than the 10Њ prism data (as expected) it is nevertheless sufficiently accurate to establish cluster membership. A few new redshifts measured this way are included in Table 2 .
Ha equivalent widths and fluxes
Following plate digitization, it is possible to derive quantitative values for the equivalent width and flux of the Ha +[NII] emission, using the methods given in Paper I. For the present study, we have two main aims. First, we want to establish whether these methods can be applied to the lower dispersion prism combination. Secondly, we want to reconfirm that the method actually works, since there were previously only six photoelectric measurements with which to compare. Since then, more photoelectric measurements have been published, and our sample of emission line galaxies has grown, allowing a more thorough test of the method.
Measurements Table 2 . Column 1. CGCG number (Zwicky & Herzog 1963 • 7 0 ). The Abell radius of the cluster (3 Mpc) is assumed to be 80 arcmin, based on a mean redshift of the cluster corrected to the centroid of the Local Group, < z 0 > = 0.0215 (Struble & Rood, 1987 , H 0 ¼ 50 km s ¹1 Mpc ¹1 ). Column 5. Photographic magnitude (Zwicky & Herzog 1963) . For double galaxies the CGCG value is taken for the combined magnitude, while the source for the ratio is given by the letter code :
a PGC , b Kraft (1978) , c eye estimate of PSS. The estimated individual magnitudes are given in parentheses. Column 6. Revised Hubble type (de Vaucouleurs 1959 (de Vaucouleurs , 1974 . Most types were determined from plate E. Galaxies outside plate E were classified using the PSS O print, and are noted with a 'p' in column 14 (See Section 2.3). Column 7. Code indicating that the galaxy appears disturbed, on a 3-rank scale (D, D:, D::). Column 8. Code indicating that the galaxy has a possible nearby companion, on a 3-rank scale (C, C:, C::). Columns 9 and 10. Heliocentric velocity and reference. Column 11. Plate fields (coded as in Table 1 ) in which the galaxy appears. A plate field enclosed in square brackets indicates that the galaxy spectrum is not visible due to being overlapped by an adjacent spectrum, or in one case (CGCG no. 126.100) due to a plate defect. Column 12. A visibility parameter describing how readily the Ha emission is seen on the plate according to a five-point scale (S strong, MS medium-strong, M medium, MW medium-weak, W weak) weighted according to its appearance on the four plates. Column 13. A concentration parameter describing the spatial distribution of the Ha emission and contrast with the underlying continuum, on a five-point scale (VD very diffuse, D diffuse, N Normal, C concentrated, VC very concentrated) weighted according to its appearance on the four plates. Column 14. Notes. A 'p' indicates that the galaxy type (column 6) has been determined from PSS O prints; otherwise the galaxy type has been determined from Plate E. An asterisk indicates that a note on this galaxy appears below the table.
᭧ 1998 RAS, MNRAS 300, 205-220 high dispersion plates (B and C) were presented in Paper I and have not been repeated for the present study. Following the same methods, similar measurements were attempted for the emission line galaxies found on the intermediate dispersion plates (A and B) . In practice, it is found that the intermediate dispersion data are more difficult to measure. The principal reason is that after compression to a 1D spectrum, the Ha emisson does not stand out as clearly above the continuum because the continuum is itself shorter. Nevertheless, for reasonably compact Ha at moderate redshifts (placing the emission away from the peak in the continuum distribution), measurements of equivalent width and flux are possible. Overall, the fraction of emission line galaxies with measureable equivalent width and flux drops from 55 and 95 per cent for the 10Њ prism to 44 and 58 per cent for the 2Њþ 4Њ prism combination. Table 3 gives these values for the two prism configurations, as well as photoelectrically determined values from Kennicutt, Bothun & Schommer (1984) and Gavazzi, Boselli & Kennicutt (1991) . Fig. 2 (lower pair) shows comparisons of Ha equivalent width between the two prism configurations, and also between prism and photoelectric measurements. All values are taken from Table 3 . Fig.  2 (top pair) shows similar plots for Ha flux measurements. Overall, there is good agreement with no systematic differences between either the two prism configurations, or between prism and photoelectric measurements. To quantify this, uncertain values and values derived from only a single plate were omitted from the following analysis. For equivalent width, comparison of the three sets of measurements gives estimated 1 j errors of approximately 10, 10 and 7 Å from the 2Њþ 4Њ prism (this paper), the 10Њ prism (Paper I), and the photoelectric measurements respectively. Using these error estimates, weighted mean equivalent width values were calculated and are listed in column 10 of Table 3 . A similar analysis to provide error estimates for Ha flux is not possible because of possible correlated errors in the two prism measurements. However, comparison of the photoelectric fluxes together with three unpublished CCD flux measurements yield an error estimate of 0.07 in the log for these values. Comparison of photoelectric and prism measurements then gives estimated errors of 0.17 and 0.12 in the log for fluxes measured from 2Њþ 4Њ and the 10Њ prism configurations respectively. Using these error estimates, weighted mean logarithmic flux values were calculated and are listed in column 11 of Table  3 . Overall, then, when Ha equivalent widths and fluxes can be measured, it seems the quality of measurements from 2Њþ 4Њ and 10Њ prism configurations is not significantly different.
Detection limits of the survey
Ha detection limits
In Paper I we were able to crudely define an Ha detection threshold 214 C. Moss, M. Whittle and J. E. Pesce ᭧ 1998 RAS, MNRAS 300, 205-220 for the prism technique, using photoelectric data on 15 galaxies which lay within our surveyed region. With more photoelectric measurements now available, and a wider region surveyed, we are able to improve our estimate for the Ha detection threshold. In total, we now have 35 CGCG galaxies with photoelectric measurements by Kennicutt et. al. (1984) or Gavazzi et al. (1991) which lie on one or more prism plate pairs in Abell 1367 (this paper) or Abell 1656 (Moss & Whittle, in preparation) . Fig. 3 shows the distribution of photoelectrically determined Ha equivalent width for galaxies on our prism plates (whether detected in Ha or not). Detection is 90 per cent complete above 20 Å and 17 per cent complete below. In Paper I we also considered the distribution of equivalent width × flux as an improved measure of detection threshold. With our expanded data set, there is no clear gain in using this combined measure, and we adopt 20 Å as a useful guide to our completeness limit, with ϳ20 per cent detection efficiency below this limit. Table 4 gives the total number of CGCG galaxies of type S0/a and later in four magnitude bins (m p ¼ 13:6 ¹ 15:7), together with the corresponding number of Ha detections. A simple comparison of these two numbers is insufficient to study the magnitude dependence of Ha detection because of the dependence on Hubble type.
Ha detection dependence on magnitude
To allow for this, we use the detection efficiencies for each Hubble type (see Section 3.1 below) and the Hubble type distributions within each magnitude bin (from Table 2 ), to calculate an expected number of detections for each magnitude bin. The fact that the expected numbers detected agree well with the actual numbers detected suggests the detection efficiency is independent of magnitude for each Hubble type. Since the cluster galaxies are all at the same redshift, we conclude that there is no significant dependence of Ha detection on absolute magnitude in the range ¹21:5 Յ M B Յ ¹19:5 (corresponding to m p ¼ 13:6 ¹ 15:7u s i n gH 0 ¼50 km s
¹1
Mpc
¹1 ). This agrees with the earlier finding of Kennicutt & Kent (1983) that the equivalent width of Ha for Sc and SBc field galaxies is independent of absolute magnitude in the range ¹23 Յ M B Յ ¹18.
What about Ha detection in galaxies fainter than m p ¼ 15:7?In Paper I, we surveyed the overlap region of plates C and D for all emission line galaxies, and found 11 fainter than m p ¼ 15:7 (i.e. not in the CGCG catalogue). Of these, Kraft (1978) gives magnitudes for six, of which four (ELG nos. 11, 23, 27 and 35 ) are fainter than m p ¼ 16:2. Thus a maximum of seven galaxies are detected in the magnitude interval 15.8 Յ m p Յ 16.2. By extrapolation of the integrated counts for CGCG galaxies in the range 13.7 Յ m p Յ 15.7, we estimate a total of 62 galaxies in the magnitude interval 15.8 Յ m p Յ 16.2. If these galaxies have the same Hubble type distribution as galaxies in the magnitude interval 15.3-15.7, then we expect to detect in Ha a total of 19. Since we only detect at most seven, we conclude that our detection efficiency drops sharply below the magnitude limit of the CGCG catalogue. Although this could reflect a genuine decrease in star formation in the fainter galaxies, we suspect it results from the detection limit of the photographic plate.
Refined galaxy samples
Although our original survey sample was all CGCG galaxies falling on any prism plate, we have selected somewhat modified subsamples for some of the analyses presented below. For example, the most homogeneous sample of all Hubble types includes all CGCG galaxies falling on either plate pair, excluding members of double CGCG galaxies the estimated magnitude of which is fainter than m p = 15.7. This sample contains 174 galaxies, of which 34 are emission-line galaxies, and is used in the analysis of Ha detection dependence on Hubble type (Section 3.1, below). As found in the Hubble-type analysis, very few E or S0 galaxies are detected in Ha, and so a 'spiral sample' can be defined by including only galaxies of type S0/a and later. This sample was used to study the Ha detection dependence on galaxy magnitude (Section 2.6.2). The sample was further reduced by excluding all galaxies with known redshift greater than 3j from the cluster mean. Finally, since our principal interest is the relation of star formation to various galaxy properties and environment, the Seyfert galaxy CGCG 126.110 was also excluded. This spiral sample now includes 80 galaxies of which 26 (32 per cent) are emission line galaxies. This sample is used in the analysis of Ha detection in barred and disturbed galaxies (Section 3.2), and the comparison of cluster and field galaxies (Section 4).
3H a EMISSION AND GALAXY MORPHOLOGY
Ha detection dependence on Hubble type
Unlike the samples used in Papers II and IV, which are restricted to spirals, the present sample provides an important opportunity to study the detection frequency of Ha emission along the entire Hubble sequence. Table 5 gives these frequencies for the full CGCG sample. Clearly, elliptical and S0 galaxies are rarely if ever detected whilst ϳ30¹50 per cent of all spirals are detected, and the intermediate class of S0/a galaxies has an intermediate detection fraction. The overall trend is probably best described as rapidly rising from zero to ϳ35 percent in early spirals, then approximately constant along the spiral sequence (though there are too few midand late-type spirals to be confident of this, see Paper IV for a more complete description of the spiral sequence). This behaviour agrees qualitatively with that found for field galaxies by Kennicutt & Kent (1983) and supports, therefore, our basic detection criteria and Hubble type classifications. At this stage, however, we choose not to compare in detail with the Hubble type dependence found by Kennicutt & Kent, because the samples and detection methods are too different.
Ha detection for disturbed and barred galaxies
In relating the detected emission to disturbance and bars, it is important to distinguish between diffuse and compact Ha emission. Using the concentration parameter described in Section 2.4, diffuse emission is described by the two classes, D (diffuse) and VD (very diffuse), while compact emission is described by the other three classes, VC (very concentrated), C (concentrated) and N (normal). Of the 26 emisson line galaxies in the final spiral sample, 17 show compact emission and nine show diffuse emission. We refer to these groups as ELG(all), ELG(comp), and ELG(diff). We first consider the relation between Ha detection and disturbed morphology. Kendall rank tests yield correlation significance levels of 3:1j,5 : 4 j , and ¹2:4j for the dependence of ELG(all), ELG(comp), and ELG(diff) on galaxy disturbance (where ¹2:4j signifies a weak anti-correlation between diffuse emission and galaxy disturbance). These results reinforce those from Paper II, and confirm the very significant tendency for galaxies with compact emission to be disturbed, while galaxies with diffuse emission have no tendency to be disturbed. For the present sample, 71 per cent of galaxies with compact emission are disturbed (12 of 17), while only 15 per cent of galaxies which do not have compact emission are disturbed (11 of 74) .
Turning to the relation between Ha detection and the presence of a bar, we find Kendall rank tests yield correlation significance levels of 1:7j,3 : 0 j , and ¹1:1j for the dependence of ELG(all), ELG(comp), and ELG(diff) on bars. Taken at face value, there is a moderate tendency for galaxies with compact emission to have bars. However, because of the strong association between compact emission and disturbance, it is prudent to reanalyse the relation having excluded disturbed galaxies. Although this yields a result of only 1:3j significance, it is difficult to interpret because the sample size is now rather small. A similar analysis for a larger sample (Paper IV) gives a somewhat higher significance. We conclude that there may be a weak tendency for compact emission to be associated with bars, independently of its association with disturbance.
As discussed in Paper II, these results support the idea that diffuse emission results from normal star formation in spiral discs, while compact emission results from a burst of star formation in the centre of the galaxy, principally associated with a disturbed galaxy morphology. The disturbed galaxy morphology is most likely the result of tidal forces, whether from galaxy-galaxy or clustergalaxy interactions. It is well known that such tidal forces can trigger star formation, particularly in the nucleus of a galaxy (e.g. Noguchi 1988; Barnes & Hernquist 1991) .
The question remains as to whether these tidally induced starbursts are the result of galaxy-galaxy or cluster-galaxy interactions. Before discussing this question, it is necessary to compare detected emission in cluster and field spirals (see Section 4.2). The possible mechanisms for tidal triggering of nuclear starbursts in the present galaxy sample will be discussed in Section 4.3.
CLUSTER-FIELD COMPARISON
Cluster spiral sample
One of the main aims of our objective prism Ha survey is to compare star formation rates for spiral galaxies in clusters and spiral galaxies in the field. In Paper II, we were only able to do this by constructing a field sample using the photoelectric measurements of Kennicutt & Kent (1983) . In the present data set, however, the richness of the region and the large area surveyed allow us to construct our own field sample, using the outer parts of the surveyed area. This is to be preferred, in principle, because the survey methods are then identical for the cluster and field samples.
A question then arises: which galaxies are 'cluster' galaxies, and which are 'field' galaxies ? In general, it is not sufficient simply to select cluster galaxies from within the conventional cluster boundary (1.0 r A ), since many of these are likely to be superposed from the general supercluster field. This is especially true for spirals, which are less concentrated towards the cluster centre than elliptical or S0 galaxies, as illustrated in Fig. 4 for Abell 1367.
To select a sample of cluster spirals, we first assume that galaxies lying outside 1.5 r A belong to the field. The surface density of all CGCG galaxies in the region 1.5-3.0 r A was evaluated from the Zwicky catalogue, and converted to a surface density of spirals assuming the spiral fraction was the same as our surveyed region outside 1.5 r A (taking Hubble types from Table 2 ). This field spiral surface density was used to evaluate how many field spirals are expected to fall in three cluster zones, 0.0-0.5 r A , 0.5-1.0 r A , 1.0-1.5 r A . We estimate the percentage contamination by field spirals in these three cluster zones to be in the ranges 14 Ϯ 6, 109 Ϯ 30 and 83 Ϯ 18 per cent respectively. This now allows us to construct three samples : a 'predominantly cluster' sample (n ¼ 24, r < 0:5 r A ); a 'predominantly field' sample (n ¼ 56, r > 0:5 r A ); and a 'pure field' sample (n ¼ 29, r > 1:5 r A ).
Emission in cluster and field spirals
In order to compare Ha emission from cluster and field spirals for Abell 1367, a further sample modification was made to ensure that only strong star formation is included: galaxies with Ha equivalent 216 C. Moss, M. Whittle and J. E. Pesce ᭧ 1998 RAS, MNRAS 300, 205-220 widths less than 20 Å were not considered as detections (CGCG 127.095, 127.045, 97.072) . The first row of Table 6 compares the detection efficiencies for the 'predominantly cluster' and 'predominantly field' spiral samples, of all types. Clearly, a higher percentage (46 per cent) of cluster spirals are detected with strong emission, compared to the percentage (21 per cent) of field spirals with strong emission, although a x 2 test shows only modest significance for this difference (2:2j). Nevertheless, there is no evidence from these data for any lessened emission for cluster spirals compared to field spirals.
The remaining rows of Table 6 compare the percentages of cluster and field spirals with strong emission for various spiral types. Again, there is no evidence for any lessened emission in cluster galaxies compared to field galaxies of the same types. Indeed, within the limits of these rather small sub-samples, it seems that late-type cluster spirals have a higher fraction in emission than late-type field spirals (x 2 test gives 2:7j significance). These results may be compared with our cluster/field analysis in Paper II, which found enhanced/similar emission in early-/mid-type cluster spirals (as found here) but significantly found reduced emission in late-type cluster spirals (opposite to the result here). There are two effects which may have contributed to this last difference. First, as discussed in Paper II, it is possible that our detection sensitivity for diffuse Ha emission in the late-type spirals (which have lower mean surface brightness) is lower than the photoelectric photometry of Kennicutt & Kent (1983) , which was used to measure the field sample. Secondly, the sample of cluster spirals used in Paper II included the outer regions of the clusters where significant field galaxy contamination may be expected. In contrast, the present study not only uses the same detection method for cluster and field samples, it also considers projection effects more carefully when deciding which galaxies are cluster and which are field. We expect, therefore, the present study to give the more reliable result.
In fact, our present analysis still does not use an ideal field sample. Not only are there likely to be some cluster spirals projected on to the region outside 0.5 r A , but Abell 1367 is an irregular and unrelaxed cluster in which one finds sub-cluster groupings in the immediate surrounding region. For this reason, a more conservative approach is to omit all galaxies in the intermediate region 0.5 r A Յr Յ 1:5 r A and construct a 'pure field' sample from spirals outside 1.5 r A (this approximately halves the field sample size).
1 Using these relatively uncontaminated cluster and field samples, a x 2 analysis which compares the fraction of Ha detections in the cluster and field gives the following results: for ELG(all) there is a fairly significant increase in the cluster (2:9j, 46 versus 10 per cent); which is almost entirely a result of the excess in galaxies with compact emission (3:6j, 38 versus 0 per cent); while there is no difference for galaxies with diffuse emission (0:3j, 8 versus 10 per cent, samples of n ¼ 24 for cluster and n ¼ 29 for field; the corresponding results for the previous field sample with n ¼ 56 were 2:2j,2:5j, and 0:0j, respectively). The distribution of diffuse and compact Ha emitting galaxies across the cluster and field are shown in Figs 5 and 6 respectively.
Thus we find a significant enhancement of compact emission in cluster galaxies compared to field galaxies of similar type. As discussed above, compact emission is strongly associated with disturbed galaxy morphology and, hence, with tidal disturbance. This in turn suggests, perhaps not surprisingly, that tidally induced star formation occurs with higher frequency within the cluster environment than in the field.
Mergers, harassment, galaxy-galaxy and cluster-galaxy interactions
With evidence for enhanced tidally triggered star formation in cluster galaxies, we now ask whether it is possible to identify the source of the tidal perturbations. There are several possibilities to consider. First, at low relative velocity a galaxy may interact
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᭧ 1998 RAS, MNRAS 300, 205-220 strongly with a nearby companion. Secondly, at higher relative velocity, a galaxy may be 'harassed' as it flies past other galaxies in the cluster. Thirdly, a galaxy can be disturbed by the tidal field of the cluster as a whole. To some extent these can be distinguished observationally from one another. Obviously, for the first case one expects to see the companion galaxy nearby, although if the interaction has progressed to the point of merger the system may appear isolated and probably disturbed. Isolated disturbed spirals are also candidates for 'harassed' galaxies, which can move well past their encounter before their disturbance becomes visible (Moore et al. 1996) . Galaxies perturbed by the cluster potential are only found close to the cluster core where the tidal field is strongest (Byrd & Valtonen 1990) . As with harassment and minor mergers, these galaxies are likely to look disturbed yet have no true companions.
We now turn to our data to assess the evidence for each of these possible mechanisms. First, short-range tides are clearly important in some cases. For example, there are a number of very close emission line systems which may be ongoing mergers. CGCG 97.079 is a double galaxy with continuum and Ha nuclei separated by only ϳ9 arcsec. Three galaxies with compact Ha emission appear single on direct plates but double on prism plates (CGCG 127.071, CGCG 126.110, CGCG 127.058). The prism plates are less deep, revealing more clearly the double nuclear morphology which in one case (CGCG 126.110 ) is confirmed by CCD images showing two nuclear components separted by 6:6 arcsec (Keel 1996) . Interestingly, these three galaxies are classed as disturbed, possibly disturbed, and undisturbed respectively, showing that although some ongoing mergers leave visual clues, some do not, possibly because of the smallness of the merging companion. Clearly, CCD imaging would help reveal these more hidden signs of tidal perturbation.
Apart from these individual cases, it is also possible to test statistically whether galaxies with Ha emission are associated with tidally interacting companion galaxies. In fact, a Kendall rank test finds no statistically significant association between Ha emission and the presence of a nearby companion, as parametrised by C, C: or C::. However, in a cluster environment this parameter is particularly susceptible to projection effects. We therefore define a more restrictive parameter called 'tidal companion', TC. This is assigned if a galaxy has both a nearby companion and appears disturbed (it has an uncertainty rank equal to the lowest of the individual uncertainty ranks for C and D, eg C: and D give TC:). The TC parameter helps to clarify several things. First, it helps to screen out projected neighbours. This is effective over most of the surveyed region where the chance association of D and C is quite low, but 218 C. Moss, M. Whittle and J. E. Pesce ᭧ 1998 RAS, MNRAS 300, 205-220 may be less effective in the cluster core where projection effects are increasingly dominant. Secondly, it screens out galaxies which have a real companion but are not, for whatever reason, disturbed by it. Thirdly, it isolates only those disturbances which are probably caused by a nearby companion. Thus, while not perfect, the TC parameter probably targets tidally induced disturbance by a near neighbour quite effectively.
A Kendall rank test for the association between Ha emission and TC yields correlation significance levels of 3:2j,5: 4j, and ¹2:3j for ELG(all), ELG(comp), ELG(diff) respectively. Thus, there is a very significant association for galaxies with compact emission, but not for galaxies with diffuse emission. Explicitly, of the 17 galaxies with compact emission, nine have tidal companions while a further two have double nuclei suggesting a merger. Allowing for the four galaxies in the cluster core (r < 0:25 r A ) for which the TC may be spurious, we therefore estimate ϳ40¹65 per cent of the galaxies with compact emission are triggered by tidal interactions with neighbour galaxies. This is a lower limit since closer examination of the other galaxies may reveal evidence of minor mergers.
Turning to the possibility of tidal perturbation by the cluster potential, we note that galaxies with compact emission are not only found in the central regions, where theory predicts they should lie (e.g. Շ 0:25 r A , Byrd & Valtonen 1990) . However, while our data do not support the cluster potential as a dominant tidal trigger, we cannot rule out its importance at least in the central regions. For example, of the five galaxies with compact emission in the cluster core, four are classified as disturbed (97.087, 97.093, 97.114, 97.125) and comprise possible candidates for perturbation by the cluster tidal field. As it happens, these four disturbed galaxies also appear to have companions (classed C or C:), raising the possibility of neighbour interaction rather than cluster interaction. In the core, however, projection effects are more important and without further information we cannot be confident as to which of these effects is occurring.
In assessing the importance of harassment in triggering star formation, we must also consider the isolated but disturbed galaxies. From our full CGCG sample, the fraction of disturbed galaxies with no apparent companions (i.e. not classed as C, C:, or C::) increases from ϳ25 per cent for D and D: to about ϳ50 per cent for D::, totalling ϳ15 galaxies which are possible candidates for galaxy harassment. Of these, only three have compact emission (97.062, 97.079, 97.122 ) all of which are found within the cluster, and one of which (97.079) is a probable merger. If we add to these remaining two, the four core galaxies whose companions may be projected (see above), we have up to six candidates for compact emission triggered by galaxy harassment, or ϳ66 per cent of the cluster galaxies (r < 0:5 r A ) with compact emission. This is an upper limit since the core galaxies may indeed have companions and the isolated disturbed galaxies may be minor mergers.
In summary, we cannot rule out any of the processes discussed above. Certainly, interaction with near neighbours seems to play an important role, given the high fraction of galaxies with compact emission which are classed as TC. Conversely, it seems that interaction with the cluster potential is not the dominant process, though we find several candidate galaxies for this type of interaction in the core. We also find possible candidates for triggering by galaxy harassment. To some extent, our inability to distinguish between these mechanisms stems from the ambiguity of projection effects in the innermost regions of the cluster.
CONCLUSIONS
We have used an objective prism technique to survey CGCG galaxies in and around the cluster Abell 1367 for Ha emission. We provide information on Hubble type, galaxy disturbance, galaxy companions, Ha emission and Ha morphology, for 217 galaxies out to ϳ2 Abell radii (ϳ2Њ : 5, ϳ6 Mpc). First, we explore and confirm the use of the 2Њþ 4Њ prism for our survey as an alternative to the 10Њ prism. The measured detecton limits, Ha morphology, redshifts, fluxes and equivalent widths are all comparable between the two prisms, though as expected the quantitative measures are slightly less accurate for the 2Њþ 4Њ prism. Secondly, we characterize the detection limit of the technique, showing that it is approximately complete above ϳ20 Å global equivalent width, and approximately independent of apparent and absolute magnitudes in the range m p < 15:7 and ¹21:5 < M p < ¹19:5. Thirdly, we study the dependence of Ha detection on Hubble type, galaxy disturbance and bars. As expected, the detection rate is low for elliptical and S0 galaxies, intermediate for S0/a, and and high (ϳ30¹50 per cent) for spirals. There is a strong tendency for galaxies with compact emission to be disturbed, and there may be a weak tendency for these galaxies to be barred. These dependencies are not found for galaxies with diffuse emission.
Finally, our principal scientific aim is to compare the Ha detection rates for spirals (type S0/a and later) in the cluster and in the field, at least as found for the single cluster Abell 1367. We extend the analysis from Paper II in three imporatant ways: (a) by surveying a larger area around the cluster we can construct our own field sample; (b) the Ha detection method is the same for the cluster and field samples; (c) by considering field contamination more carefully, we can construct cleaner cluster and field samples. We find a much higher fraction of spirals detected in Ha in a 'predominantly cluster' sample (r < 0:5 r A ) compared with a 'predominantly field' sample (r > 0:5 r A ), though the result is of low statistical significance (e.g. 46 versus 21 per cent for cluster and field spirals, significance level 2:2j). This effect appears to be independent of spiral stage, with similar results for early-, mid-and late-type spirals. These results are strengthened considerably when we use a 'pure field' sample (r > 1:5 r A , 46 versus 10 per cent, significance 2:9j), where we learn that the effect occurs only in the galaxies with compact emission (38 versus 0 per cent, significance 3:6j).
We interpret these results in the following way. Compact emission results from tidal perturbations and is enhanced in the cluster environment, while diffuse emission is more normal and shows no strong cluster/field difference. The tidal perturbations arise at least in part from interactions with near neighbours, although we also find candidate objects near the cluster core which may be perturbed by the overall cluster tidal field, and candidate objects for a higher speed 'harassment' interaction between galaxies. 
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